


Architektura prekladace

= Detailni pohled akademika (pouze optimalizace)
* Muchnick: Advanced Compiler Design and Implementation

Scalar replacement of array references
Data-cache optimizations

4

Procedure integration

Tail-call optimization

Scalar replacement of aggregates
Sparse conditional constant propagation
Interprocedural constant propagation
Procedure specialization and cloning
Sparse conditional constant propagation

]

Constant folding
Algebraic simplification and reassociation

Global value numbering

Local and global copy propagation

Sparse conditional constant propagation
Dead-code elimination

Local and global common-subexpression elimination
Loop-invariant code motion

Dead-code elimination

Code hoisting

Induction-variable strength reduction
Linear-function test replacement
Induction-variable removal

Unnecessary bounds-checking elimination
Control-flow optimizations

In-line expansion

Leaf-routine optimization

Shrink wrapping

Machine idioms

Tail merging

Branch optimizations and conditional
moves

Dead-code elimination

Software pipelining, loop unrolling
Basic-block and branch scheduling
Register allocation

Basic-block and branch scheduling
Intraprocedural I-cache optimization
Instruction prefetching

Data prefetching

Branch prediction

Interprocedural register allocation
Aggregation of global references
Interprocedural I-cache optimization




Dalsi optimalizace

»>Casteéné vyhodnoceni
= Cast pozadovaného vypodtu je vyhodnocovana jiz prekladadem
+Vypocet konstantnich vyrazu
= Constant-expression evaluation (constant folding)
+VypocCet podminéné konstantnich vyrazu
= Sparse conditional constant propagation

»Algebraické upravy
= Vyuziti algebraickych identit ke zjednoduseni kodu
+Algebraické upravy vyrazu
+~Redukce sily v cyklech
= Strength reduction

+~Qdstraneni zbyteCnych kontrol mezi




Dalsi optimalizace

»Odstranéni redundance
= Nahrazeni opakovanych vypoctu uloZenim vysledku
+ Copy propagation
+ Lokalni/globalni eliminace spoleCnych podvyrazu
= Common-subexpression elimination
+ Presun invariantniho kédu z cyklu
= Loop-invariant code motion
+ Partial-redundancy elimination
= Lazy code motion

»QOdstranéni neuziteéného kédu
« Odstranéni mrtvého kédu
= Dead-code elimination
+ Odstranéni nedosazitelného kodu
= Unreachable-code elimination
+ Optimalizace skoku
= Jump optimization




Casteéné vyhodnoceni

+Vypocet (pod)vyrazu
obsahujicich pouze
konstanty

= Constant-expression
evaluation

= Obvykle provaden jiz front-
endem
~UrCeni promennych s
konstantnim obsahem
= Constant folding
~Urceni promennych s
podminené konstantnim
obsahem

= Sparse conditional constant
propagation
= Upravuje control-flow!

(4 * 10);




Casteéné vyhodnoceni

+Vypocet (pod)vyrazu
obsahujicich pouze
konstanty

= Constant-expression
evaluation

= Obvykle provaden jiz front-
endem
~UrCeni promennych s
konstantnim obsahem
= Constant folding
~Urceni promennych s
podminené konstantnim
obsahem

= Sparse conditional constant
propagation
= Upravuje control-flow!

+Integrace procedur
generuje nove prilezitosti
pro castecne vyhodnoceni

void £( int i, bool f£f)
{
int j =1 + 1;
if ( £ )
g( J);
else
h( 3J);

£( k + 1, false);




Casteéné vyhodnoceni

b+ (4 * 10);

4 * 10;
=c+ 5;
= f + (d * 2);




Algebraicke Upravy

+~Algebraické upravy vyrazu
= VVétSinou v souvislosti s
pritomnosti konstant
= Dulezité pro ukazatelovou
aritmetiku (pristup k polim)

= Uprava do kanonického for (i =1; i < 10; ++i )
tvaru a[ 4 * 1] = 0;

((b * 3) +7) *5

b * 15 + 35

+Redukce sily v cyklech for (5 = 4
= Dulezité pro pristup k polim al[ j1 = 0;

+»Qdstraneni zbytecnych int b[ 10]:

kontrol mezi for (i = 0; i < 10; ++i )
b[ 1] 0;

«»Machine idioms

+ Instrukce provadéjici specialni
kombinace nebo varianty operaci




Algebraické upravy.

+Prevedeni control-flow na
algebraicke operace

«Conditional move
+ USetfi podminéné skoky

+ Muze pfidat zbyte¢né operace
CMP t,a,b

ADD u,d,e
+~UziteCnost obtizné CMOV t,c/u
odhadnutelna
+ Cena podminénych skoku
zavisi na uspesnosti
predikce

+ PrekladaC uspesnost
nedokaze odhadnout

« Profilem Fizené
optimalizace



Odstraneni redundance

+~Copy propagation
+Lokalni/globalni eliminace
spolecnych podvyrazu
«PFesun invariantniho kédu
z cyklu
= Casty vyskyt u pfistupu k
polim
+Partial-redundancy
elimination
= Lazy code motion

+Integrace procedur
generuje nove
redundance

// d = c;

= 0; 1 < 10; ++1i)

k + 1;




Odstraneni neuzitecného kodu

+»Qdstranéni mrtvého kodu
= Kbd, jehoz efekt nebude
vyuzit
 Pfifazeni do proménnych,
které jiz nebudou Cteny

«+Qdstranéni
nedosazitelného kodu

= Kbd, ke kterému nevede
cesta

+~QOptimalizace skoku
= Skoky na skoky apod.

»Resi pfedevsim chyby
vyprodukované
predchozimi fazemi

= Aplikuje se opakované




Presouvani kodu

++Code hoisting

= Provedeni operace dfive,
nez predepisoval puvodni
program

= Omezeno zavislostmi

= very busy® expression =
operace, ktera bude

provedena v kazdem
pokraCcovani

- Algoritmus: Lazy code
motion

- UziteCnost upravy je nejista
- Paralelismus
- Omezeny pocet registru




Optimalizace rezie volani

+Integrace procedur
= a.k.a inline-expansion

= Listové procedury
= Nevolaji zadné dalSi
= Neni treba kompletni prolog
a epilog procedury
= UziteCné zejmeéna v
pritomnosti vyjimek

- Shrink wrapping
- Presouvani prologu a
epilogu
- Ve vétvich, které nevolaji
dalSi procedury, se prolog a
epilog anihiluji

Tail merging
Ztotoznéni identickych koncu
procedur

Posledni BB casto
obsahuje pouze epilog a
je tudiz shodny

Setfi velikost kodu
ZlepsSuje vyuziti I-cache




Interproceduralni upravy

+»3Specializace procedur

= Procedury se naklonuji = Efekt je obdobny jako u
= Jednotlivé klony se integrace procedur

pFizplisobuji okolnostem, * Specializace vede k

které panuji pfi jejich volani mensi expanzi kodu
= Specialni tvary = Specializace se

argumentﬁ obtizneji ridi
= Konstantni argumenty = Integrace odstranuje
= Aliasing rezii volani
= |ntegrace umoznuje
o dalSi optimalizace
+Interproceduralni alokace
registru
- Volaci konvence se
upravuje podle mistnich
podminek




Napoveda pro procesor

+Intraprocedural I-cache
optimization

+»Vyuziti atomicity
cache-line

+~Serializace BB tak, aby
chovani CPU vedlo k
minimalnimu poctu
vypadku I-cache

+Instruction prefetching
+~Data prefetching
+»Vyuziti specialnich
instrukci pro
nedestruktivni cteni

+~Branch prediction

+~(Generovani napovéedy
pro branch prediction
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Architektura prekladace

«»Realita
= GNU
Compiler
Collection
Internals

Remove useless
statements

Mudflap declaration
registration

Lower control flow
Lower exception handling >
control flow

Build the control flow
graph

Find all referenced
variables

Enter static single assignment form
Warn for uninitialized variables
Dead code elimination

Dominator optimizations
Redundant phi elimination

Forward propagation of single-use variables
Copy renaming

PHI node optimizations

May-alias optimization

Profiling

Lower complex arithmetic

Scalar replacement of aggregates
Dead store elimination

Tail recursion elimination

Forward store motion

Partial redundancy elimination

Loop invariant motion

Canonical induction variable creation
Induction variable optimizations

Loop unswitching

Vectorization

Tree level if-conversion for vectorizer
Conditional constant propagation
Folding builtin functions

Split critical edges

Partial redundancy elimination
Control dependence dead code elimination
Tail call elimination

Warn for function return without value
Mudflap statement annotation

Leave static single assignment form

RTL generation

Generate exception handling landing pads

Cleanup control flow graph
Common subexpression elimination
Global common subexpression
elimination.

Loop optimization

Jump bypassing

If conversion

Web construction

Life analysis

Instruction combination
Register movement

Optimize mode switching
Modulo scheduling
Instruction scheduling
Register class preferencing
Local register allocation
Global register allocation
Reloading

Basic block reordering
Variable tracking

Delayed branch scheduling
Branch shortening
Register-to-stack conversion
Final

Debugging information output




